Interleukin-6 (IL-6) is a pleiotropic cytokine with complex roles in inflammation and metabolic disease. While typically regarded as a pro-inflammatory cytokine, multiple studies in the last 20 years have generated conflicting data on the role of IL-6 in inflammation and metabolism. In a recent study in Nature Immunology, Brüning and collaborators demonstrate that IL-6 signaling in myeloid cells attenuates obesity-induced inflammation and insulin resistance by promoting macrophage alternative activation (Mauer et al, 2014) . This study unveils a new and surprising anti-inflammatory action of IL-6 and further highlights the complex actions of this cytokine.
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The Good: IL-6 promotes alternative activation of macrophages Evidence from animal and human studies indicates that the pathogenesis of obesityrelated metabolic dysfunction involves the development of a systemic, low-grade inflammatory reaction, which is largely mediated by macrophages. Macrophages are frequently classified as pro-inflammatory, M1 or 'classically activated'; or anti-inflammatory, M2 or 'alternatively activated'. Although macrophages exist along the M1/ M2 spectrum and frequently have mixed phenotypes in vivo, this binary classification has proven to be useful in many pathophysiological settings, such as white adipose tissue (WAT) inflammation. Resident adipose tissue macrophages (ATMs) in lean organisms tend to express genes associated with a M2-like phenotype, whereas ATMs in obese organisms typically express genes associated with a M1-like phenotype and contribute to obesity-induced adipose tissue inflammation and associated systemic insulin resistance dysfunction. It is generally accepted that M1-like macrophages promote obesity-induced insulin resistance, whereas M2-like macrophages protect against it. In their study, Mauer and collaborators show that myeloid-restricted deficiency of the IL-6 receptor IL-6Ra exacerbates glucose metabolism dysfunction in obese mice, in parallel with a pattern of gene expression in WAT that is suggestive of enhanced M1 polarization of ATMs. Although to a lesser extent, this pattern was also present in other metabolic tissues such as brown adipose tissue and liver. Through a series of in vitro and in vivo experiments with recombinant IL-6 and IL-4 proteins, it is shown that IL-6 primes macrophages to IL-4-mediated alternative activation by inducing the expression of its receptor IL-4Ra via STAT3-mediated activation of the IL4ra promoter. The authors also provide evidence suggesting that IL-6 contributes to alternative activation of macrophages in other settings by demonstrating that myeloid-restricted IL-6Ra ablation limits LPS-induced inflammation in several tissues. Overall, the authors provide strong evidence supporting an anti-inflammatory role of IL-6 signaling in myeloid cells via modulation of macrophage phenotype.
The findings by Mauer et al strongly support the anti-inflammatory role of IL-6, which had been suggested long ago (Xing et al, 1998) . In addition, the finding of exacerbated insulin resistance in myeloid IL-6Ra-deficient mice is consistent with previous studies that identified IL-6 as a myokine that mediates the anti-inflammatory and insulinsensitizing effects of physical exercise (Pedersen & Fischer, 2007) . Furthermore, some studies with mice deficient in IL-6 have reported that it protects against the progression of inflammatory vascular disorders such as atherosclerosis (Elhage et al, 2001; Schieffer et al, 2004) (Fig 1) .
The Bad: IL-6 is a pro-inflammatory cytokine
In marked contrast with the notion that IL-6 controls macrophage alternative activation, numerous studies have shown that it is also a powerful pro-inflammatory cytokine that is essential for the inflammatory acute phase response induced by tissue damage (Kopf et al, 1994) . It has been reported to exert direct pro-inflammatory actions in lymphocytes (McLoughlin et al, 2005) and other cell types. Furthermore, IL-6 is an adipokine, which is greatly upregulated in obese adipose tissue, and has been proposed to be an essential part of a signaling axis that links WAT dysfunction with hepatic insulin resistance (Sabio et al, 2008) . Human studies also suggest that IL-6R signaling has a role in the development of coronary heart disease (Sarwar et al, 2012) , a notion supported by some mouse studies (Huber et al, 1999; Schuett et al, 2012) , but not all (Elhage et al, 2001; Schieffer et al, 2004) , as mentioned above (Fig 1) .
The Ugly: fitting IL-6 signaling into a simple model
The study by Mauer and collaborators strongly suggests a macrophage-mediated anti-inflammatory effect of IL-6. In contrast, extensive evidence in the literature suggests that IL-6 induces inflammation in various settings. How can we interpret this? There are several potential explanations for this apparent discrepancy. One possibility is that IL-6 plays a pro-inflammatory action in acute inflammation, but also exerts immunosuppressive/anti-inflammatory actions when expressed at lower levels. Another option is that IL-6 exerts opposite roles in different cell types. Indeed, this has already been suggested to account for the conflicting effects of IL-6 in insulin signaling, since IL-6 seems to promote insulin resistance in hepatocytes (Senn et al, 2002) and endothelial cells (Yuen et al, 2009 ), but increases insulin sensitivity in skeletal muscle (Carey et al, 2006; Yuen et al, 2009 ). This could be related to differences in the expression of intracellular mediators of IL-6 signaling, as it has been shown that ablation of one of these mediators (SOCS3) shifts the cellular effects of IL-6 from pro-inflammatory to antiinflammatory in macrophages (Yasukawa et al, 2003) . Finally, the complex actions of IL-6 may be linked to the different manners by which this cytokine signals at the plasma membrane. IL-6-induced cell signaling can be classified as either classic or trans-signaling, and these two variants can lead to markedly different cellular responses. In classic signaling, IL-6 stimulates target cells via the membrane-bound isoform of IL-6Ra, which upon ligand binding forms a complex with the signaling receptor protein gp130. Only a few cell types express membranebound IL-6Ra, whereas essentially every cell type expresses gp130. While the cells that only express gp130 are not responsive to IL-6 alone, they can be stimulated by a complex of IL-6 bound to a naturally occurring soluble form of IL-6Ra. This type of signaling, which is known as IL-6 trans-signaling, greatly expands the spectrum of IL-6 actions and target cells. Importantly, selective blockade of IL-6 transsignaling has been shown to blunt inflammatory responses in mice (Rabe et al, 2008) . Whether classic, trans-signaling or both contribute to the effect of IL-6 on macrophage polarization was not assessed in the study by Mauer et al (2014) . Finally, what are the potential therapeutic implications of the pro-and anti-inflammatory actions of IL-6? Antibodies targeting IL-6 signaling are currently used as a treatment against autoimmune disorders such as rheumatoid arthritis. Whether the role of IL-6 in macrophage polarization can be exploited therapeutically remains to be investigated. Given that mouse and human IL-6 proteins exhibit only 41% sequence identity, future studies are warranted to address whether the role of IL-6 in macrophage polarization is conserved in humans. 
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Figure 1. The Janus-like actions of IL-6. IL-6 has complex and often conflicting activities. As shown by Mauer et al (2014) , it promotes an antiinflammatory (M2-like) state in macrophages. Consistent with these observations, others have reported that IL-6 functions to limit atheroma formation and that it is secreted in response to physical exercise, mediating its insulin-sensitizing actions. On the other hand, IL-6 also acts as a pro-inflammatory cytokine involved in the acute phase reaction to tissue injury. It has a contributory role in a number of inflammatory and autoimmune diseases, and its secretion by the adipose tissues of obese organisms contributes to metabolic dysfunction.
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